J VAN HEES AND J GYBELS
From the Department of Neurology and Neurosurgery, University of Leuven, Belgium S U M M A R Y Percutaneous recordings from more than one hundred single C fibres have been performed in the radial nerve of conscious human subjects. All these fibres belong to the polymodal C nociceptor group, being excited by mechanical and thermal and also by chemical stimulation. Conduction velocities showed a monophasic distribution with a mean value of 0-86 m/s (SD: 0-17). The mechanical threshold, measured with von Frey hairs, varied between 2*3 and 13-1 g. The receptive field was circular or elliptical; for 33 units the mean axes were 6 mm and 7 mm. Mechanically evoked C fibre discharge even up to more than 10 spikes/s was not necessarily accompanied by pain sensation. Nettle sting evoked an irregular C fibre discharge (maximum 10 spikes/s) accompanied by a pricking and burning sensation; the sensation of itch which was sometimes reported, was not correlated with the discharge frequency. C fibre activation by a chemical irritant (paint remover) also evoked an irregular discharge (maximum 3 to 6 spikes/s), accompanied by pricking and burning pain sensation. The C threshold for radiant heat usually lay below the subject's pain threshold. Increasing skin temperature produced increasing neural firing rate. The mean spike frequency rarely exceeded two spikes/s even with stimuli evoking strong heat pain. The occurrence of subjective heat pain response could be as well predicted from the C fibre spike frequency as from the skin temperature. It is concluded that nociceptive C input provoked by thermal or chemical stimuli correlates well with pain sensation. However, similar C input provided by mechanical stimulation which activates also A beta mechanoreceptors, did not necessarily produce pain sensation.
It has been shown in animal experiments during the past decades that there are several kinds of primary afferent neurons, classified as nociceptors. They are characterised by raised thresholds and are activated by stimuli that are potentially or frankly damaging to the skin.' As it is difficult to define a noxious threshold in terms of exact values of stimulus intensities, several authors2 3 prefer to define a nociceptor as a receptor whose dynamic properties extend into damaging stimulus intensities, irrespective of its threshold value. The concept of nociception enables neurophysiologists to study the behaviour-and the mechanisms underlying it-of an organism in response to noxious elements of the environment, without dealing with subjective experience. However, the question of the relationship between nociception and pain sensation inevitably arises. In the literature the assumption is often made that stimuli which evoke pain sensation in man also do so in animals. In addition nociception and pain sensation are sometimes assumed to be the same, and a nociceptor is then freely regarded as a pain receptor.
We have recorded single unit activity of primary cutaneous afferents in conscious human subjects in response to a diversity of natural skin stimuli. The non-painful by the subjects; sometimes a slightly pricking sensation was experienced but commonly a non-painful pressure sensation was reported. These stimuli produced discharges up to 15 spikes per second. In our experience mechanically evoked C fibre discharges even up to more than 10 spikes per second might or might not be accompanied by pain sensation.
Response to chemical stimulation Afferent C fibres could be activated by intradermal injection of histamine or papain; this method was rather inconvenient because the mechanical intervention of the injection itself was painful and could possibly alter the receptor sensitivity. A natural way of injecting histamine was realised by nettle sting (Urtica urens). It is known that the hairs of this plant contain histamine and acetylcholine, and also serotonin.7 Keele8 argues that even the combination of these three products does not fully account for the immediate and longlasting character of nettle pain and suggests that other components (for example the proteolytic enzyme solanain) are involved.
For our purpose, a leaf was gently cut from the plant and then brought in contact with the receptive skin area until a sting sensation was reported. This sensation started with a sharp pricking pain followed by pricking or burning pain with fluctuating intensity; sometimes itch was reported. Seven C units were tested in this way and they were all activated. After an initial discharge (maximum 10 of an irritant chemical (a paint remover containing methylene chloride and methanol) on the receptive field. Both discharge and burning sensation started after 20 s. Maximal firing rate was S to 6 spikes per second. During the second half of application time the discharge was somewhat diminished and appeared discontinuously. This paralleled the pain sensation which was only slight and fluctuated during the second half. B. Afferent C fibre activity in response to stimulation with nettles. Six samples from a I hour observation are shown. The discharge started immediately after nettle application (not shown), accompanied by a pricking and burning sensation. Several weals developed at the border of and outside the receptive field. After 20 minutes both neural activity and sensation diminished temporarily; however the sensation remained burning and pricking in character until after 60 min itch was reported, at that time the fibre activity was of low frequency.
Response to thermal stimulation All C units studied could be activated by thermal radiation. Usually the threshold for activation was just below pain threshold; exceptionally, high temperatures were needed for C activation. As a rule increasing skin temperature also produced increasing neural firing rate (fig 6) . The discharge pattern was rather irregular and with prolonged stimulation spikes tended to group themselves. The mean spike frequency was rather low even with strong painful stimuli; we never registered values in excess of 10 spikes per second. The possible role of the polymodal C nociceptors in evaluating painful heat stimuli and in contributing to heat pain sensation was studied in a series of eight experiments on eight different C units. The question we tried to answer by these experiments was the following: is heat-pain sensation better correlated with C fibre activity or with skin temperature? In other words: can the occurrence of a pain response be predicted better from the skin temperature or from the single C fibre discharge?
Stimuli from 400 to 550C were given in a random order; between two stimuli the skin temperature was let to cool down to 300C ( (p<0-01) . The correlations between C fibre activity and subjective response were slightly better than those between skin temperature and subjective response, but these differences were not significant. It must be realised that by pooling the data from the eight experiments, the correlations are obscured compared with those in a single individual, but on the other hand pooling takes into accoun't the different thresholds of the C nodiceptors. From the data it can be concluded that a pain response can be predicted as well from the skin temperature as from the C fibre discharge; therefore it may well be that the subjective judgment is based on C nociceptor input.
Heat stimuli did not activate mechanoreceptors with A beta afferents. On the contrary, the spontaneous activity which was present in some of these afferents was suppressed by radiation heat (fig 8A) . It is against this depressed background of large fibre activity that the C nociceptors start firing when the skin temperature reaches their activation threshold (fig 8B) . Table Point- 
Discussion
In the unmyelinated afferent fibre population of human cutaneous nerves, warm receptive fibres9 and a majority of high threshold afferents responsive to mechanical, thermal and chemical stimuli, have been demonstrated.'10"3 As the latter have the same functional properties as in subhuman species, the terminology of "polymodal C nociceptor" used by physiologists has been adopted. The average threshold for mechanical stimulation is about 5 to 6 g in both animal2 14 and man. The threshold of these fibres for radiation heat is usually between 400 and 450C in the cat '5 and The main purpose of this study on single C fibres in human subjects was to find out if activity in this type of nociceptive afferent could be related to pain sensation. Our findings show that there is a rather good correlation between nociceptive C fibre discharge and pain sensation if the discharge is evoked by chemical or thermal stimulation. In the latter case the occurrence of subjective pain response can be as well predicted from the C fibre spike frequency as from the skin temperature. In another study; it was concluded that polymodal C nociceptors might also be responsible for the quantitative aspects of heat pain sensation. From these studies one may not state that heat pain is necessarily based on C fibre activity, since afferent delta fibres may also play a role in both chemical and heat pain sensations.
The finding that very low frequencies of C fibre discharge in response to heat stimulation is not necessarily accompanied by pain sensation suggests that some summation mechanism is necessary for conscious pain experience. This is in contrast to the mechanoreceptive system where the generation of a single action potential in a RA mechanoreceptor at the finger-tip coincides with the subjective detection of the stimulus. 17 An important finding in our experiments is that simultaneous excitation of A beta mechanoreceptors and polymodal C nociceptors by mechanical stimulation does not necessarily provoke pain even in the presence of rather high frequency C fibre discharge. C fibre activity up to 10 This inhibitory influence of beta input on nociceptive C input could be interpreted as a way of subordinating the function of nociception to the explorative role of the skin. Cutaneous exploration is served in the first place by mechanoception. It would be impaired if every mechanical stimulus which threatens the skin gave rise to pain sensation. Of course, nature could have raised the mechanical threshold for cutaneous nociceptors, but by keeping the threshold to the strictly noxious level and providing at the same time a pain inhibitory system, another function of the C nociceptors remained possible, namely a con'tribution to the repair process by means of the axon reflexinduced vasodilatation.
